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Dismantling the Deep Earth: Geochemical Constraints from Hotspot
Lavas for the Origin and Lengthscales of Mantle Heterogeneity

by
Matthew G. Jackson

Submitted to the Department of Marine Geology and Geophysics,
Massachusetts Institute of Technology-Woods Hole Oceanographic Insitution

in partial fulfillment of the requirements for the degree of Doctor of Philosophy

Abstract
Chapter 1 presents the first published measurements of Sr-isotope variability in olivine-

hosted melt inclusions. Melt inclusions in just two Samoan basalt hand samples exhibit most of
the total Sr-isotope variability observed in Samoan lavas. Chapter 3 deals with the largest
possible scales of mantle heterogeneity, and presents the highest magmatic 3He/4He (33.8 times
atmospheric) discovered in Samoa and the southern hemisphere. Along with Samoa, the highest3He/4He sample from each southern hemisphere high 3He/4He hotspot exhibits lower 143Nd/144Nd
ratios than their counterparts in the northern hemisphere. Chapter 2 presents geochemical data
for a suite of unusually enriched Samoan lavas. These highly enriched Samoan lavas have the
highest 87Sr/ 6Sr values (0.72163) measured in oceanic hotspot lavas to date, and along with trace
element ratios (low Ce/Pb and Nb/U ratios), provide a strong case for ancient recycled sediment
in the Samoan mantle. Chapter 4 explores whether the eclogitic and peridotitic portions of
ancient subducted oceanic plates can explain the anomalous titanium, tantalum and niobium
(TITAN) enrichment in high 3He/4He ocean island basalts (OIBs). The peridotitic portion of
ancient subducted plates can contribute high 3He/4He and, after processing in subduction zones, a
refractory, rutile-bearing eclogite may contribute the positive TITAN anomalies.
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Introduction

Unlike the earth's crust, it is difficult to sample the mantle directly. However,

there are a few isolated (and geographically limited) instances where we can observe the

uppermost regions of the mantle. Ophiolites-portions of oceanic plates that have been

uplifted and emplaced (obducted) onto the edge of continents-expose the uppermost

regions of the mantle on the surface (Dick, 1976). Similarly, at certain, ultra-slow

spreading mid-ocean ridges, mantle peridotites are emplaced on the surface (Dick et al.,

2003), where they can be recovered with deep submersibles or dredging operations.

Additionally, ultramafic xenoliths, which are pieces of the upper mantle entrained in

upwelling magmas, allow direct inspection of the composition of the upper mantle (but

unlike ophiolites and abyssal peridotites recovered by submersibles, ultramafic xenoliths

provide little spatial context for study of the mantle). Thus, except for these few rare

instances, we cannot examine the composition of the mantle directly: The deepest hole

ever drilled, only -12.3 km deep, took 22 years and untold Soviet resources to complete--

and got no where near mantle depths (unfortunately, the drill site was atop thick

continental crust). While robots rove the surface of a planet, Mars, that is > 56,000,000

km distant, we have not directly observed our own planet at depths >12 km!

Nonetheless, there are indirect methods for evaluating the composition of the

deeper earth. Mantle geochemists often use lavas erupted on the surface as "windows" to

the composition of the mantle below. Hotspot lavas erupted in oceanic settings, or

oceanic island basalts (OIBs), are formed by partially melting and upwelling, solid

mantle. During melting, several radiogenic isotope systems and a number of trace

element ratios remain unfractionated (or little fractionated, in the case of trace elements

with similar compatibilities, at least when the partition coefficients are much less than the

degree of melting) from the original, unmelted mantle. OIBs exhibit a great deal of

isotopic and trace element heterogeneity, indicating that the mantle from which they were

derived is also quite heterogeneous (Zindler and Hart, 1986). This fundamental

observation leads to some of the most important questions in the field of mantle
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geochemistry: How did the mantle become heterogeneous? At what scale lengths do the

heterogeneities exist? How long do the heterogeneities survive?

One common paradigm in mantle geochemistry assumes that oceanic plates,

which form by melting and depleting the upper mantle at mid-ocean ridges, are subducted

back into the mantle from which they formed. Covered with a veneer of

oceanic/continental sediment, subducted oceanic plates inject sediment, oceanic crust and

depleted peridotitic mantle lithosphere into the mantle (Hofmann and White, 1982; White

and Hofmann, 1982). In this way, mantle heterogeneities are born. Following storage in

the mantle, subducted plates and sediment are thought to be sampled by upwelling

plumes that melt and erupt lavas on the surface. However, a counteracting mechanism-

chaotic mantle convection-stretches, thins, mixes and stirs, and thus homogenizes (or at

least greatly attenuates) mantle heterogeneities on long timescales.

In Chapter 1, isotopic heterogeneities are explored at very short lengthscales in

olivine-hosted melt inclusions in oceanic OlBs. Using a laser ablation system coupled to

a MC-ICPMS (multi-collector inductively coupled plasma mass spectrometer), 87Sr/8 6Sr

was measured in olivine-hosted melt inclusions recovered from Samoan basalts.

Complementing the pioneering work on Pb-isotopes in olivine-hosted melt inclusions

from two Polynesian hotspots (Saal et al., 1998), significant Sr-isotope heterogeneity was

also observed in the melt inclusions from individual Samoan basalt hand samples. Melt

inclusions in one Samoan lava exhibit a range of 87Sr/86 Sr from 0.70686 to 0.70926. The

isotopic diversity hosted in the melt inclusions from a single lava indicate that the size of

the melting zone beneath a Samoan volcano can be larger than the lengthscales of mantle

heterogeneities in the mantle upwelling beneath the hotspot. Furthermore, none of the 41

melt inclusions analyzed exhibit 87 r/86 Sr ratios lower than the least radiogenic whole-

rock basalts in Samoa (87 8r/86 Sr =0.7044). This 87Sr/8 6Sr data, combined with trace

element data on the same melt inclusions, provide strong evidence against assimilation of

oceanic crust as the source of the isotopic diversity in the melt inclusions.

Chapter 3 also deals with lengthscales of mantle heterogeneity, but by comparison

to Chapter 1, Chapter 3 considers the largest possible lengthscales of heterogeneity in the

Earth's mantle. The high 3He/4He (or FOZO, Focus Zone; Hart et al., 1992) mantle
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reservoir, a domain that is considered to be one of the oldest (and deepest?) reservoirs in

the mantle, is the focus of chapter 3. In this chapter, the highest magmatic 3He/4He ratios

ever recorded in a southern hemisphere lava (33.8 times atmospheric) are reported in

samples from the Samoan island of Ofu. These new measurements from Ofu Island place

Samoa in the same category of high 3Hei4He hotspots as Hawaii, Iceland and the

Galapagos. Along with Samoa, the highest 3He/4He sample from each southern

hemisphere high 3Hei4He hotspot exhibits lower 14 3Nd/144Nd ratios than their counterparts

in the northern hemisphere (excluding lavas erupted in continental, back-arc, and

submarine ridge environments). The observation of a large-scale isotopic enrichment in

the FOZO-A (austral) high 3He/4He mantle compared to the FOZO-B (boreal) high
3He/4He mantle is similar to the DUPAL anomaly, a globe-encircling feature of isotopic

enrichment observed primarily in southern hemisphere ocean island basalts. The possible

existence of hemispheric-scale heterogeneity in one of the oldest reservoirs in the mantle

has important implications for mantle dynamics. It suggests that regions of the (lower?)

mantle have escaped the rapid convection motions that dominate the upper mantle.

However, the origin of the hemispheric-scale heterogeneity in the FOZO (and DUPAL)

reservoir is unknown.

Nonetheless, having defined the variability that exists in the high 3He/4He mantle,

Chapter 3 also explores whether or not the FOZO reservoirs are truly depleted, as is

commonly suggested (Hart et al., 1992), or whether they have been re-enriched. The

recent discovery of superchondritic 142Nd/144Nd ratios in terrestrial (Boyet and Carlson,

2005), martian and lunar (Caro et al., 2007) suggests that bulk silicate earth (BSE) may

have superchondritic Sm/Nd ratios (147Sm/144Nd>0.209, the minimum ratio necessary to

generate the terrestrial mantle 14 2Nd/144Nd anomaly relative to chondrites), and that the

earth has a minimum 143Nd/144Nd of 0.51304. If this is true, then the FOZO reservoirs

are actually enriched relative to BSE.

Chapter 2 explores a common paradigm in mantle geochemistry, that subduction

of marine/continental sediments can generate geochemically enriched mantle domains

that can be sampled by mantle upwellings. In this chapter, remarkably high 87Sr/86Sr

ratios are reported in submarine lavas recovered from the flanks of the Samoan island of

13



Savai'i. These Savai'i lavas exhibit the highest 87Sr/86Sr ratios reported for ocean island

basalts to date. The isotope and trace element data are consistent with the presence of a

recycled sediment component (with a composition similar to the upper continental crust)

in the Samoan mantle. Importantly, Pb-isotopes in the most enriched Samoan lavas

preclude contamination by modem-marine sediment. The ultra-enriched Samoan lavas

have most certainly been "contaminated" by sediment, but the sediment is of an ancient

(>> 200 Ma) origin and has been recycled into the Samoan mantle source. In summary,

Chapter 3 provides the strongest evidence yet that the sediment that goes down in

subduction zones does come back up in OIBs. However, given the large mass of

sediment that has been subducted into the mantle over geologic history, it is still a

mystery why clear signatures of sediment recycling are so rare in OIBs (Hofmann, 1997).

Chapter 4 reports evidence for radiogenic '87Os/188Os and enrichment in

Titanium, Tantalum and Niobium (TITAN) in high 3He/He lavas globally. To explain

these observations, the dominant paradigm for the formation of mantle heterogeneity is

applied to the high 3He/4He reservoir: Can the subduction of oceanic plates (crust and

peridotite) generate the geochemical signatures associated with the high 3He/He

reservoir? Radiogenic 187Os/ 188Os and TITAN enrichment are both geochemical

signatures that are associated with recycled eclogite, suggesting that the high 3He/4He

lavas were derived from a mantle source hosting a recycled slab component However,

eclogites are quantitatively degassed in subduction zones and do not have intrinsically

high 3Hei4He. None-the-less, the peridotitic portion of recycled slabs has been suggested

to preserve high 3He/4He over time (e.g., Parman et al., 2005). The eclogitic and

peridotitic portions of subducted plates are intimately associated in space and time, a

geometry that is conducive to later mixing in the mantle. Thus, together, the two

lithologies can provide the "raw materials" for the formation of the high 3He/4He mantle.

Importantly, the TITAN enrichment in high 3He/ie mantle sampled by oceanic

hotspot lavas may provide a clue about the location of the "missing" TITAN in the earth.

Shallow geochemical reservoirs in the earth-continental crust and the depleted mid-

ocean ridge basalt mantle (DMM)-have a shortage of the element Ti, Ta and Nb

(TITAN) (McDonough, 1991; Rudnick et al., 2000). The observation of TITAN
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enrichment in high 3He/ 4He OIB lavas suggests that the mantle domain hosting the

Earth's "missing" TITAN is sampled by deep, high 3He/4He mantle plumes.
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Chapter 1

Strontium isotopes in melt inclusions from
Samoan basalts: Implications for heterogeneity in
the Samoan plume*

Abstract

We measured 87 Sr/8 6Sr ratios on 41 olivine-hosted melt inclusions from nine
Samoan basalts using laser ablation multi-collector (LA-MC) ICPMS. "Sr/86 Sr ratios are
corrected for mass bias after eliminating major isobaric interferences from Rb and Kr.
The external precision averages ±320 ppm (2cy) for the 8'Sr/ 86Sr ratios on natural Samoan
basalt glass standards of a similar composition to the melt inclusions.

All of the Sr-isotope ratios measured by LA-MC-1CPMS on Samoan melt
inclusions fall within the range measured on whole rocks using conventional methods.
However, melt inclusions from two Samoan basalt bulk rock samples are extremely
heterogeneous in 1TSr/6 Sr (0.70459-0.70926), covering 70% of the variability observed
in ocean island basalts worldwide and nearly all of the variability observed in the Samoan
island chain (0.7044-0.7089). Seven melt inclusions from a third high 3He/4He Samoan
basalt are isotopically homogeneous and exhibit 87 Sr/86 Sr values from 0.70434 to
0.70469.

Several melt inclusions yield 87Sr/86 Sr ratios higher than their host rock, indicating
that assimilation of oceanic crust and lithosphere is not the likely mechanism contributing
to the isotopic variability in these melt inclusions. Additionally, none of the 41 melt
inclusions analyzed exhibit 8 7Sr/86Sr ratios lower than the least radiogenic basalts in
Samoa (87Sr/86Sr=0.7044), within the quoted external precision. This provides an
additional argument against assimilation of oceanic crust and lithosphere as the source of
the isotopic diversity in the melt inclusions.

The trace element and isotopic diversity in Samoan melt inclusions can be modeled
by aggregated fractional melting of two sources: A high 3He/4He source and an EM2
(enriched mantle 2) source. Melts of these two sources mix to generate the isotopic
diversity in the Samoan melt inclusions. However, the melt inclusions from a basalt with
the highest 3He/4He ratios in Samoa exhibit no evidence of an enriched component, but
can be modeled as melts of a pure high 3Hei4He mantle source.

*Published as: M. G. Jackson and S. R. Hart, Strontium isotopes in melt inclusions from

Samoan basalts: Implications for heterogeneity in the Samoan plume, Earth. Planet. Sci.
Lett., v. 245, pp. 260-277, 2006, doi:10.1016/j.epsl.2006.02.040.
Reproduced with permission from Elsevier, 2007.
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inch iticlusions analizd exhibit '"Sri"'Sr ratios lo%scr than the least radiogen ic basalts in Sarnoa I Sr "Sr 0 1.7(44). withtin thle
sL0edI external precision. This proxvides ami additiotnal argunment against assimilat ion of oceanic crutst and lithosphere as the source
ofthiQ isotopic (htserstty iii thle tnit inclusions.

filhe trace elentent atid isotopic diversity iii Samoan meltCicI CUSIonS can he niodelctd by aggregated frictional nellhing of 'm5o
sotirces: A high 1lef"I I source atid atn L11,2 (enriched mantle 21 source. Melts of these two sources mix it) generate the isotopic
dir\ersi ty iti the Samoani melt inclusions. I losses r, the inchl inclusions from a basalt \with the highest 'llI l c ratios in Samoa
COllmbit no es-idence oif ant eniriched componecnt, hill call be modekled aS MeltS Of a pUrc hiigh 'I lc 'I Ic miantle source.

2(1006 L:lse%-ir B3.V. All rights rcser%ed.

ke, od, ' Sr "Sr; lascI ablaimoit \1('l('PiIS, Inelt Icluslon. Samoa:l [NM2: 11t1F %1, 1 OZO/

I . Introduction

Ocean island basalts (0l13s) erupted at hotspots are
thought ito he the surface expressiotn of buoyantly up-

Coren,vtingc author- tcl.: I 15 280) 349)i: favs i 51159457 2173. welling mantle plurtnes that sample the mantle's com-
I;-miijlari/n's Ill I.c . , hi C,Ill IN%I.4J ackson),i positional heterogeneitlies at various depths and times

ill i -5 ixs se frntmater 200f1, Fkixer BV .All rights resreed
do10t 101o1, ep, i5l 124
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[1,21. The Sttnoan islands and seanwouts, forned by icantly more radingenie'Sr- than D)MM and FOZO( and is
at mantle plume impinging on the Pacific plate just easily resolved fivom these two components. Uinfoirtu-
north of the Tonga Trench. form a time-progressive nately, DMM and FOZO exhibit simnilat- "'Sr/"~Sr ratios
hotitpot track 13,41I which conforms reasonably well to and] it will be. difficult to ditlerentiate between these two
Morgan's hotspot miodel [5]. Samoan lavas exhibit the components as potcntial sources of tile isotopic divecrsity

higes s)oSr ratios and the largest sSr.""'Sr in melt inclusion%.
\,ariation (0.7044-0.7089) measured in fresh Ollis We present Sr-isotope data fromn olivine-hosted melt

14,61. making them ideal tbir prospecting fi)r diverse inclusions recovered from Samoan hasalt., somec of
Sr-isotopec compositions in melt inclusions, which lie near thle EM2 mantle endmember, with the

01ivinte-hosted meclt inclusions in Samoan lavs goal of better understanding thle p~uzzling urdoei
provide snapshots of diverse magma chemistry before component sampled by melt inclusions. To this end, we
complete tmclt aggiegation- providing an opportunty to also contribute Sr-isotopc data measured onl melt
see more of the isotopic heterogeneity which exists in inclusions fi-rm a recently discovered high 'He/ 4 H
the ielt source but that is not detectable in whole basalt from Samoa [25]. Our strategy is to analyze St
rocks. H owever, the chemical variability in melt isotopes in melt inclusions ffiomi EM2 and high lle2'i
inclusions may be generated by a number of processes 4

HOk endmnember basalts fronm Samoa. to constrain the
that obscure source variation, iticludinu, pre-etitraptactnt role of fihe various eoilouenis-EIM2, IIHE9N47 100ki
fractional crystallization. post-entrapment diffusive re- and FOZO-that my be contributing to thle Sr-isotope
equilibration, crustal aissiiilatfion, and degree, type and diversify in thle Sanmanl plumle.
depth of tuelting 17 -101].

Studies delineating Pb-isotope diversity in melt 2. INethos
incim.ions have demonstrated that heterog~enous melt
source compositions arc an importain factor in gencerat- A detailed desctiption of thle protocol USOCI for itl Situ
ing complositiontal variability [ 17 211. A landmark Pb- measurement of Sr isotopes in basaltic glasses (atid melt
isotople study of melt incluLsions hosted in basalts from inclusions) by l_A-'.\4C-C PMS is provided in thle Sup-
Viatigaia Island tin the Cok Islanids revealed signifi- plenlentaty data. In order to lle;Lsure Sr-i.sotope natios
canily mote isotopic heterogeneity thlant is found in in situ, we use a 213 run NewWave laser ablation system
whole rocks from the island [ 1 7]. The results indicate the coupled ito a Trhemo-lFinnigan \eptune MC -lIV.\S,

presence of an unradiogetic Pb-isotope endmember in located in the Plasim Faicility at Woods Hole Oceano-
thle melt inclusions not discernabie fin whole-rock basafts. graphic Institution OKWI),h During, analytical trns, thle
Problematically, this unradiogenic Ph endmemher has laser is run in aperture mode with 100% powver, a pulse

beent poorly characterized, owing partly to the large rate of 20 liz and a spot size of' 120 pmn. The raster
uncertainties associated with in situ Pb-isotope measure- pattern varies dlependAing on the size and shape of the
nients: Pb-isotope data from melt inclusions generally melt inclusion, and the line speed is 4 pmnis. Surface

atelimtedin tP esu u'b 2 P sooe cnanation is removed by pie-ablationi using ithe

Projections (due to thle inability to collect precise ?(APb same raster and spot size, but with at pulse rite of ; Hz,
data on siliate melt inclusions), which place DMM 45% power and a raster speed of 30 ltnis.
(depleted MORB mantle, low 3H!H,low "S6/

5 Sr), During each anamlyxical sessioni, we measure intensities
FOZ( (li,cu Loe, hgh iHe, low , Sr 5 'Sri, ott masses 82 through 88. Raw data are exported to ant

PHElrM (Primitive I/e.ium, Antle, high Ille,,4 11C, offline data correction ptogram (TweaKr) for cornctling
middle-range 8S2'8iSSrI and EM-7 (enriched manitle 2, the Rb and Kr isobaric interferences. Runs with low

low ~ ~~_ ~Il 4 1,hg 'Sr/ ~Sr) in such close graphical intensities (i.e.,< I Von massU8, due to small size or low
proximity that they cannot be unequivocally resolved. Sr content) were discarded as they arc prone to large
Fhe true pedigree of the unradiogenic Pb endmemaher fin systematic errors [26]. Masses 85 and 889are pure Rbhand
Mangatia is still unknown, andK could be similar to any of Sr, respectively, with no significant knowni inttericrences,
these four endntmbers. and requite corection only for mnass firactionation. We

.An advantage to the Sr-isotope system is that the corr'ect for Kr interfererices on maitsses 84 and 86 so that
E\M2 eialducailer has dramatically higher Vsr 5.Sr the mass fi-actionatiotn-corrected "Sr!saSr value is
ratios (-.0.7089) [41 than the DMM (0.7026)1 221, canonical (0.0465725). The protocol for correcting
PU-IM (0.7045) [231 and FOZO (0.7030) [24] mantle mass 87 for the Rb interference is the following: A
emitninets, anid can be readily diffeirttated firom thle Samoan basalt glass with knowiwm tS!ist; (r"lla tialysis
three less radiogenic etndnicitnbers. PHEM hosts signif- by conventional Thermal Ionization Mass Spetrometry
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(TIMS), is measured by laser ablation, Kr-correctedt sis of Ofu melt inclusions, and the tight clustering of
and the 85Rb/87Rb ratio is adjusted until thc known the Ofua melt inclusions may bc partially explained by
TIMS X

7Sr/" 6Sr value of' the glass is achieved. We decreased error of' "Su'" 5 Sr measurement for these
adopted the strategy of using. the required 86RO 7 Rh of samples compared to other, higher Rb'Sr Samoan
the Samoan basalt glass standais to bracket the "'Rb/ glasses and me)lt inclusions from Vailulu'u aid Malu-
s7Rb of the basalt glass unknowns. In oixier to estimate malu. If we assume that tile Oftu melt inclusions are
the overall accuracy associated with this technique, we isotoipically homolgenlemus, then thle external precision
apply eontiguous brucketing of the glass standard runis, on these 7 melt inclusions is -1-335 ppmn (2u). Some of
and we are able to reproduce the known TIMS values ito the apparent variability may be it result of error fi-om
within anl aveagte of=320 ppim (2T standatrd deviation). the Rb correction, which is -t 190 ppin (2,7 at RW/Sr
However, due to unetainty associated with the "1Rb/ ratios of 0,053. and tmay not reflect true variability.

"Rb rato1( Q.575 -0.M0275, 2) the final, corrected Additionally, ititernal precision vatited from 610 to
~Sr'8"St ratio exhibits an en-4-H magnoification that is 226 ppmn (2ey standard ervor) onl the sc%cii Ofu melt

directly proportional to the Rbh/Sr ratio of the sample. inclusions.
Samples with lowv RK< Sr will exhibit less error fiom the Masses Xi and 99 represent pure Rh andt Sr. res-
Rb conrection (145 ppm, Rb/,Sr 0.04.) than samrples pectively, so that fairly picise measurement of Rb/ ISr
with high RK/Sr (505 ppm, Rb/St- 0.14) (see Supple- ratios can be generated. After correcting for mass tr-ac-
ntary dtIaa). I lowever, over thle range of Rb/!Sr in the tionation (=: 1 .5".wamu), Rb/Sr ratios onl Samoan basalt

Samoai basalt &,Lss standards (0.045-0. 126), we fuid no glasses nieasured by laser ablationi arc repioduccable to
relatioinship between the internal (in-iun) precision of'17 (2a, compared to. ratio)s obtained by XRFJICP
"7Si,"St ratios (which aver4ge: 45 ppmn, 26 stanidard techniques on the samec samnples), and precise (1.7%. 1 2,j)
deviattion) and Rb,Sr during analyses of basalt glasses duning multiple runs onl thle same glass (see Supple-
by laser' ablation. Similarly. there does not appear to be a mentary data).
telatiltNship between Kr Sr and hie internal iec ision ort M'1ajoi clemnti comtpos iitis oif glassy and honiog-
reproducibility (external p)recision) of thle 81 Sr 8Sr enized melt inclusions were obtained wvith a JEOL-733
ratios it Samoan glass stanodaivs over the ran&c oif autornated election microp)robe at thle Massachusetts
ratios that we have observed during melt inclusion Institute of Technology using an election beam with
analysis (',Kr,'NXSr from 0.00013 to 0.004). Finally, the cun'ent of 10 nA anid accelerating p)otential of 1 5 kV
reproducibility of Sr/ 0 'Sr measurement does not focused to a spot of 1 2 pm in diameter foir olivine
appeat' to be related to Sr intensity over thle range of analyses, and defocused to 10 lim for glass anialyses.
Sr intensities observed in lasering Samoan glasses, at Trace element Contents were determined with a Cameca
range that encompasses the melt inclusion analyses. IMS 3f ion microprobe following the techniques

Six melt inclusions were large enough for replicate descr'ibed ini [27,281. A small beam (5 lim diamcter'
analysis (one melt inclusion, 71 -2C, wats replicated over spot), combined] with a high-energy filtering technique
a one-yea' period), anid five of their 8SC8r/Sr ratios (80-100 cV window), was used to determine trace
were reproducible with-ini the quoted precision. How- element concentirat ions. Precision for Sr, l. Zr Y is
ever, the replicate analysis oftmelt inclusion 71 -1 a was estimated to be L 1% and _L20 30t!% for Ba. Nb and
di fillrei by 550 ppm (see F able 1), while error result ins, Rb_ Homogeitiizat ion of oI iie-hosted mielt mnllusions
from the Rb correction is only 260 ppin (2j) on Samoan was pert6ined in a furnace at 1187-1220 C (depending
v,lass standards with similar Rh'Sr ratios. The internal onl olivitie colillosition),at 1 atil presstire lor 5 matl in) a
precision of the rep licaite analysis of this melt inclusion graphite capsule.
was - 100 ppin (2a,). Data front this melt inclusion To correct for the effects of erystallization ofolivinle
indicates that larger-than-usual "S'~I Rh variations it thle glassy and hoinogeized mielt iniclusions, we add
over time can occasionally generate uncertainties equilibrium olivine to the melt inclusions in 0. 1%,
(above the 2rT level) in "Sr,s"Sr that are somewhat increments until equilibrium with mantle olivine (Fo. 1,)
larger than error predicted by thle data from Samoan is achieved, assumiing oilivinic-inch partitiottitng of Fe
glass standards, anid Mg fr-om [29]. Instead of correcting the melt in-

.Ani upper limit for the Sr!56 r Measurement clusions to be in equilibrium with the host olivine, this
precisiotn ott Samoan tneIt inclusions with low Rb/Sr correctionl scheme is chosen so that we can compare:
canl be inferred fi-om the neat-uniforma ratios obtained thlem to similarly corrected Samoan whole-rock lavas
oit) ielt inclusijons from the high 3He,4 H-e O)fu basalt. (after discarding data from the most evolved-
The Rb"St values were amonig the lowest durig atialy- Mgo<.6.5 wt."I_w hole -rock satmples).
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